Clonidine, an alpha 2 adrenoceptor agonist, has anti-hypertensive and anti-nociceptive effects. It is commonly used in association with local anaesthetics and opioids to enhance the quality and duration of extradural analgesia in the postoperative period, and to decrease the incidence of side effects. As a sole analgesic, it has seldom been used to relieve postoperative pain. The dose of extradural clonidine to achieve good pain relief without deleterious side effects remains undetermined. In order to address this problem, we performed a computer search via two well-known databases, Medline and Excerpta Medica, covering the period from 1985 to September 1997. One hundred and fifty-nine articles were retrieved of which 38 dealt with extradural clonidine and postoperative pain. All but 16 studies suffered from serious design flaws, such as lack of controls and/or randomization, or inadequate statistical analysis. The data from these studies were difficult to interpret because of the tremendous variation in variables, especially dose of clonidine, level of extradural injection, time of administration, type of anaesthesia, type of surgery, and reference and rescue drugs. The simultaneous extradural use of local anaesthetics and opioids further hindered data interpretation, and precluded any meta-analysis. Proposals for a standard study design are made to help comparison between studies involving extradural clonidine and postoperative pain. (Br.
Clonidine, an alpha 2 adrenoceptor agonist, is a wellknown anti-hypertensive drug. Its antinociceptive properties have been well documented since the early 1970s 1 and widely used since the first report on extradural clonidine in humans by Tamsen and Gordh in 1984 . 2 Clonidine appeared devoid of some of the side effects of both local anaesthetics and opioids (that is, motor block, tachyphylaxis, neurological toxicity, respiratory depression, pruritus, and urinary retention) although hypotension, bradycardia and sedation are recognized side effects of clonidine. It is probably used mainly in association with local anaesthetics and/or opioids and via various routes of administration (spinal, intravenous, intramuscular, oral, transdermal, peripheral block) [3] [4] [5] [6] [7] [8] [9] [10] [11] in an attempt to decrease the incidence of side effects. Clonidine has less frequently been used alone. As a sole analgesic, at least two areas of controversy remain: the doses required to achieve good pain relief and the extent of side effects.
The aim of our meta-analysis was to assess the efficacy of extradural clonidine in the relief of postoperative pain, to determine whether anti-nociceptive effects and side effects were dose-related, and to what extent the latter were deleterious.
Methods
The literature search aimed to be as comprehensive as possible. The period ranging from 1985 to September 1997 was searched via two widely used computer databases, Medline and Excerpta Medica, using the headings regional analgesia, extradural clonidine, postoperative analgesia, and postoperative pain.
To avoid the risk of overlooking any relevant article, citations from articles were cross-referenced with those of the assessors' bibliography and those of the articles under review. Each study was first reviewed independently by two assessors who filled out a structured form to give a common frame for future discussion (table 1) .
Subsequently the assessors collectively classified the articles into 1 of 4 grades according to the type of study design. Grade 1 articles dealt with randomized, controlled, double-blind trials with clearly defined objectives and adequate statistical analysis. Randomized trials lacking control or blinding were classified as grade 2; randomized trials yielding questionable results, or non randomized trials were classified as grade 3, and grade 4 articles consisted of non-randomized or non-controlled trials, case reports, editorials, letters to journal editors, abstracts, and retrospective evaluations. Only articles belonging to the first grade of classification were deemed eligible for meta-analysis.
In order to bring together the different studies, comparisons were made on doses of clonidine, mode of administration (bolus injection or continuous infusion), time of administration, type of anaesthesia and surgery, reference drug, assessment of pain intensity and relief (for example, visual analogue scale, verbal scale), and timing of the assessment. Escape analgesics were also noted.
Results
The search retrieved 159 articles, of which 38 dealt with extradural clonidine, and 16 met the selection criteria. 3 12-26 The number of patients per group ranged from 20 to 100, with a total of 681 patients. It was not clear in the two studies by Carabine and colleagues 13 14 whether the patients belonged to two different populations.
Clonidine was injected in various ways, bolus injection alone, 12 13 19 24 26 bolus injection followed by continuous infusion, 14 15 21 bolus injection followed by patient-controlled analgesia infusion, 3 bolus injection of a mixed solution followed by a continuous infusion of clonidine, a mixed solution combining clonidine with fentanyl, 16 25 local anaesthetics, 20 or two or more of these drugs 22 and continuous infusion of a mixture of clonidine and morphine 23 (table 2) . Clonidine-bolus doses ranged from 75 g to 800 g, and from 1 g kg 91 to 8 g kg
91
, and continuous infusion ranged from 0.3 g kg 91 h 91 to 2 g kg 91 h
, and from 10 g h 91 to 50 g h
. Administration took place either intraoperatively, a few minutes after induction of anaesthesia 15 17 ; at the beginning of the surgical procedure, 22 30 min before the end of the surgical procedure 13 14 or postoperatively, on arrival in the recovery room 16 18 21 1 h after surgery 26 or at the patients' first complaint of pain. 3 12 16 19 20 24 25 Side effects were defined in various manners or not defined at all (table 3) . The main side effects recorded were hypotension, bradycardia and sedation. Authors often noted that hypotension and bradycardia should they occur were either readily treated (most of the time by an association of ephedrine and volume loading) or necessitated no treatment. When sedation was mentioned, it was not always clear how this was measured. For example, some authors reported only that patients had "marked sedation", 20 21 or that "excessive" sedation was not a problem, 19 or that "sedation was similar in all … groups". 13 Extradural catheters were inserted either thoracically, or at the high and/or the low lumbar level (table  4) .
Pain intensity and relief was assessed by visual analogue score alone, or visual analogue score and verbal scale. The visual analogue scores ranged from 3 to 6 points or were not described. Table 4 also displays when visual analogue scoring was used (only at rest, at rest and at cough, at rest and after mobilization, and at rest, at cough and after mobilization).
Additional analgesics consisted of i.v. patient-controlled analgesia with morphine, pethidine or sufentanil, s.c, i.m. or i.v. morphine, extradural morphine associated with i.v. pethidine, i.v. paracetamol, i.m. piritramide, i.v. ketoprofen, and continuous extradural bupivacaine-fentanyl mixture (table 4) .
Clonidine alone at a dose of 3 g kg 91 was found to be as efficacious as placebo in one study after thoracic surgery. 19 In orthopaedic and rectal surgery a lower dose (2 g kg
) was found to be more efficacious than placebo. 12 In the remaining studies, the efficacy of clonidine in combination with other drugs was almost always superior to that of each drug alone (table 3) .
Discussion
Although our literature search might not have been as comprehensive as it should, it is unlikely that relevant articles were overlooked. Main articles are always published in main journals which are covered by the two selected computer databases, Medline and Excerpta Medica. Moreover, the references of all articles reviewed were also checked. The number of articles dealing with our selection criteria was smaller than expected considering the great number of articles dealing with postoperative pain and clonidine.
Only two dose-response studies were found. 17 27 This type of study should be able to address some of the unresolved problems concerning the efficacy and safety of clonidine.
The most impressive evidence of this review was the lack of at least two study designs enabling direct comparison. We found as many study designs as there were articles. For instance, where bolus doses of clonidine were used, the type of anaesthesia was either general, 13 extradural, 12 or both, 19 and where general anaesthesia alone was used, clonidine was administered by bolus injection, 26 continuous infusion, 23 or both 14 (table 2) . Moreover, when considering only one type of surgery (for example, major abdominal surgery, eight studies) (tables 5, 6 and 7), it was clear that direct comparison between variables was not possible.
The most serious shortcoming of all published studies dealing with postoperative extradural clonidine was the lack of a common background. Consequently, meta-analysis could not be applied to the selected trials. British Journal of Anaesthesia 1998; 81: Meta-analysis has increased in popularity during the past 10 years, along with literature reviews. Unlike the latter, which is a qualitative analysis, the former is a quantitative analysis of data from multiple clinical trials, [28] [29] [30] "a systematic reviewing strategy for addressing research questions that is specially useful when results from several studies disagree with regard to magnitude or direction of effect." 31 Controversy exists regarding the way to perform meta-analysis. Some assume that all available data should be taken into account, including unpublished data, abstracts, case reports, and personal data, because published data may favour positive results. Others would select only well-designed randomized controlled trials. 32 3 However, the need for well-designed controlled trials to assess the analgesic efficacy of clonidine has been emphasized in a recent editorial. 34 The author stated that clonidine alone was ineffective and should not be used as a sole analgesic agent for postoperative or chronic pain, and as the occurrence of side effects was unavoidable and dose-related, high doses of clonidine should not be used. Surprisingly, the author backed up this statement with data from two studies involving a small number of patients (n:10) and small doses of clonidine (150 g). 4 35 Moreover, cross-over studies, such as these, may have many shortcomings, and are not considered as a "gold standard" for clinical trials. There are well-designed studies from which the author could have assumed, for example,that a dose of clonidine of 150 g or less is constantly ineffective whatever the type of surgery, 12 19 or if there is some evidence that so small a dose can be effective it may be because of in part the concomitant administration of other analgesic drugs such as local anaesthetics and/or opioids, 26 or to other variables such as the probable effect of benzodiazepines used for premedication.
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Premedication also varied greatly from one study to another. The drugs used were diazepam 10 mg orally 1 h before the procedure ; temazepam 20 mg 60-90 min before 13 14 ; lormetazepam 2 mg sublingually the night and 1 h before the procedure [15] [16] [17] ; flunitrazepam 1 mg or hydroxyzine 100 mg orally 90 min before, 18 and no premedication. 3 20 21 24 25 Researchers should be encouraged to perform randomized dose-response placebo-control studies, involving many patients in order to increase the power. Authors should take into account previous published analgesic regimens, avoid references such as abstracts, 21 23 25 and adopt rigorous exclusion criteria (no pretreatment involving clonidine or any other antihypertensive drug, benzodiazepines, tricyclic antidepressants, or non-steroidal drugs), as well as rigorous inclusion criteria (patients aged 18-75 years, ASA I or II, probably more than 40-50 patients per group) and a strict study design.
In conclusion, despite the frequent use of clonidine perioperatively, the dose requirements to provide effective analgesia after a surgical procedure remains a matter of personal choice. A meta-analysis of the numerous articles dealing with extradural clonidine and postoperative pain could not be carried out because of the tremendous variety of the study designs. The need for well-designed randomized dose-response controlled studies based on previous studies is clear, so that an optimal extradural clonidine dose regimen can be determined for postoperative pain relief. Side effects should be strictly defined, and their occurrence clearly reported. In addition, patient satisfaction should be evaluated.
